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The subroutine named VORTEX which is listed in the users manual
has been modified to eliminate a defect which can cause errors when

twin-engine aircraft configurations are modeled.

Due to this modification, the following seven corrections must be

made to the users manual.

1. On page 21 in Table 2.1, the list of subroutine names in
which Common Block /WINGl/ appears must be changed. Remove the word
VORTEX. Change that group of names to read

MAIN PROGRAM, INPUT, COEFIC,
COFSYM, WGFOM, WINGV, VELOCI,
and VPROPS

2. On page 25 under item d concerning Common Statement /WING1l/,

delete the last line which reads: " -card VOR 2250 in subroutine VORTEX."

3. On page 32 in line 17, change the number 3991 to 3975.
4. On page 34 in line 8, change the number 363,782 to 363,766.
5. On page 34 in line 26, change the number 25,266 to 25,250,

6. In the Appendix A description of subroutine VORTEX found on
pages 105 and 106, page 106 is correct. However, page 105 must be
changed and should be replaced by the following attached page.

7. Finally, the listing of subroutine VORTEX found on pages 225
through 228 in Appendix B of the manual is no longer used. Instead,
those four pages must be replaced with the listing of the newly modified
subroutine VORTEX which is also enclosed on the last four pages of this

errata.

The sample case presented in Appendix C of the users manual is not
affected by the subroutine modification and no corrections are needed

there.
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éﬁipotcntinl flow field. The purpose of thil manual 1. to dile:i%t th.
;ontann of the p:ognm. its hmat du:a, and its cutput rmlﬁ The -

ocne quarter
The trailing vor:icco are separated by a.distance of
‘w/4 tines the span. A wing lift coefficient is specified by the user
for each angle of attack so the wing vortex strength is not an

37 unknown in the problem. The influence of the wing on the body is
“gﬁponlidorcd, but the body is assumed not to influence the wing. “The
f%ody may be of any arbitrary shape. The body surface is rcﬁtnsontcd
w}by a mash of triangular and quadrilateral panels. Certain panels may
be specified as being relaxed boundaries through which some specified
percentage of free stream velocity is specified. Such panels model
. inlet and outlet regions. All other panels are solid boundaries through
N ’ vhich no velocity may pass. |

v A ccnstant distribution of source strength acts on the panel under
BEEE consideration. At other panels, the source distribution is lumped as

eration, a summation is made of the normal velocity induced by ‘the .

R
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“the Gluu-uud. tuuu.an uchm MQ thc nul m:sl S
_ are solved, the entire body, £low. xm«m ealculable. . °'m bogly nurnr.o
" veloeities and pressure mf!l dents _axs couputed. . l.utly. the vaocity.-

~Somponents at specified punu ln the woptuct phnu an computed.
_ m« propeller plane vd.oeuy ruulu may bo pmchod on computer eaﬁl ‘
-'4¢ desived. TFormat of card output is such that the cards may be uud ’
+ directly as part of ths upug dau to- :!u propaller pcrfomnc‘ ’
:pmucncn pro;rn nm m ufcuncu 2 and 3.

nnm PROGRAM DESCIIP‘I‘ION

. 'ms progran was written in single precuion FORTRAN for use on
an IBM 370 computer using an 08/370 operating system and using built-
in library functions. Two suxilisry sequential scratch files ate
_requirad by the program. These files were stored on an IBM 3330 Disk
- Pack. Dcunc on. um.:m opncc for these files is givcn in s.:cion 2
. ot this sanual.

Aok =i A 1ieting of th; progranm is given in Appendix B. This particular
"~ version of the program is dimansioned to a large :iizc capable of pro-
‘cessing up to 2596 panels and 6 body orientations. However, the
, . * program dimensions may be enlarged to ensble handling of very long
| ' bodies, very wide bodies, or bodies requiring more panels or the
2= program dimensions can be reduced to enable the program to fit in a
smaller computer. Detailed procedures for altering program dimensions
are given in Section 2 of this manual. Also the computer storage ‘.
“  requirements as a function of program dimensions is explained in Section 2. ]L

‘Secxion 2 of this manual gives an in-depth description of the L
o . mechanics of this program too detailed to mention in this brief b
description.
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SECTION 1 BODY PANELING CONSTDERATION

1.1 Panel Distribution spd Sise Factors |
" The quality of and success in obtaining results from this three-

dimunsionai poteatill flow progran depends on the nuab.r of body plﬂlll
uucd. sad the distribution and size of panals.

,Two factors should be kept in mind when paneling the configuration.
The first factor, as discussed in icto:nacn 4, is concerned with the
distribution of panels. The pansl mesh must be finer (more and smaller
panels) on regions of the body where abrupt surface curvature and rapid
change in cross sectional shape occurs. Examples of such regions are
nacelle inlet 1ips, locations where fairings or cther protrusions are
attached to the body, and the region whers the canopy or cabin 1n§cr-
sects the fusalags. Nearby geometry has the strongest influunce on the
propeller plane flow field. Since the main purpose of this program is
to calculate the flow fisld in the propeller plane, it is desirable to
most accurately define the regions of the body nearest to the propeller
plane. Therefore, special attempts should be made to accurately panel
the covwl or nacelle inlet face and foreward body regions using as fine
a paneling mesh as possible. The second factor to consider deals with
panel sizes. For best rasults, gradual changes in panel size must be
made to blend paneling in regions of dense pansl concentrations with
panels in regions of sparse concentration. Reference 5 states that the
characteristic dimensions of a pancl should not differ by more than
350 percent from the dimensions of adjacent panels. Although this rule
is difficult to obey with every panel on all configurations, it gives
& guideline for the user to follow.

The two factors of panel mesh size and distribution give the user
basic guidelines to follow in paneling the body. The source strangth
solutions will generally converge %0 a solution if the two guidelines
are followed. The accuracy of the sclutions obtained may depend soma-
what upon how closely the guidelines are followed. If the body paneling
strays too far from the above guidelines, the matrix system of equations
may become so poorly behaved (not diagonally dominant) that the

G S INIDARIMAORER kst 8 e




iterative solution process will diverge giving no results. On complex

configurations, especially multiple body types as found in twin engine
aircraft, the paneling mesh mey lead to divergent solutions. In some
situations, the user must use trial and error in modifying the paneling
arrangement to get convergent solutions. Reference S contains a general
discussion on the numerical behavior of the system of equations charac-
teristic of this paneling method. Other geometry paneling factors
affecting solution convergence are explained in sections 1.2 and 1.3
below.

1.2 Single Body Paneling Input Techniques
1.2.1 Cross Section and Periphery Point Input Rules--Ganeral

Examples of configurations considered as a single body are
single engine aircraft cowl-fusslages without spinners, or the cowl-
fuselage with the spinner attached to the cowling without a physical
separation. Such a body is modeled by inputting the discrete point
description of the body cross secticns. See also sectioen 3, card set 3
in this manual.

The method of paneling closely resembles the method used in refer-
ence 4. The body is cut into many cross sections perpendicular or
nearly perpendicular to the body reference x axis. Cross sections need
not always be purely coplaner cuts through the body. Rather, the cross
section cuts may weave or curve forward and aft in an irregular fashion.
See Figure 1.1. Such "quasi" cross sections may be needed to allow
shifting of points forward and aft at awkwardly contoured regions on
the body.

Cross section descriptions mus” be input in sequence starting at
the front of the body and moving aft. See Figurs 1.2. Note that a
cross section may simply be a singl oin. repeated several times.
This occurs in the example in Appendix C. An exception to the front
to aft ordering occurs in pansling the inside of inlets (as at the front
of a cowl). In this situation, see Figuce 1.3, the first cross section

must be tiie one which defines the inlet contour and is farihest afcg.
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The inlet wall cross sections are input sequentially from art to front

to the inlet lip. Then the outer contours are specified in the normal
front to aft sequence.

Each cross section is defined by specifying the coordinates of the

periphery points on the section in the sequential order indicated in
Figures 1.2 and 3.2.

{
‘E

Between two cross sections, the program generates a ring of panels
using the input points for corners. See Figure 1.2. The ordering of
the section points is important as the first point on one section is

paired with the first point in the next section, etc. By specifying

. RLTE) LT T

a point twice or more, that point will become the corner of one or more

triangular panels. Otherwise, quadrilateral panels will be generated.

The input oraer of cross sections and periphery points shown in
Figures 1.2, 1.3, and 3.2 must be followed to ensure the panels will

have outward drawn normal wvectors.

. . .
st e 5 A2 R WO u T,

Refer to Figure 1.2. Panel rings will be generated between cross
sections I and I+l unless the flag signal, NFLAG, is given a value of

1l on section I. NFLAG=1 for section 1 indicates that section I will

o g met Y e Al

be repeated as section I+l using a different number or distribution of

periphery points. Thus no panels will be generated between sections I

and I+l in this situation. Use of NFLAG=1 is the method for increasing,

T I T

decreasing, or altering the distribution of panels on the rings back
b along the body. It is essential that the number of points, NIP, on

section I equal the same number of points on section I+l if panels are

l generated between these sections.

Cross sections, between which panels will be placed, must never
be allowed to intersect or coincide. That is, no point on the one
section can be the same as a point on the other section. This would
trigger an error in the program. However, cross sections may be con-
centric. This might be necessary in paneling the flat front face of

a cylinder, for example.




el e

O o £ ‘VWF"W%‘W a _.‘...‘, " i

It should be stated that Although it 1s possible to panel concave

" “':body contours, such as the inside of an inlet, it has been found that
’ "7?1n_such7¢aoac;?the.aqnation“solutions wi11 usually ﬂivergeiand no
' results will be obtained. It is not recommended that concave shapes 5
" such as the interior walls of inlets be paneled. Section 1.2.3 below
‘presents an al:etnative technique £or modeling 1n1ets.:

.

1 2 2 Use of §xgggtric and Non—Symnetric Input Options

* The input of cross ‘section periphery points completely
‘around the section, as explained in section 1.2.1, is the general or

" non-symmetric input option method (see Figure 3.2. b). This input
. generates panels on both sides of the body and can always be used
"1‘regard1ess of body symmetry.

As is also outlined in section 3 of this manual, the symmetric
body input option can be used if special conditions apply. These

~ conditions are:

',Tal.“The body cross éections must all hgve left-right symmetry
' ‘about a common'(x-z) plane of symmetry. This plane of
~ symmetry must contain the y=0 coordinate.

2. The root of the wing (if present) must be on this plane of
symmetry., '

3. 1Inlets and outlets (panels) must be symmetrically arranged
about the plane of symmetry.

4. All body sideslip angles must be zero. The body may be
oriented at angle of attack only. '

When all these conditions are met, then only points on the left

(negative y) half of each cross section need be input (see Figure 3.2.b).

This is the symmetric input option. If this special input option is
used, then the right side panels are mirror images of those on the
left and they are automat -ally generated by the program. The
important benefit of the symmetric input option is that equations need

only be created for the left side panels. The size of the system of

equations 1is half of that produced when non-symmetric input is employed.

Thus computing time and costs are greatly reduced., It is recommended
that the symmetric input option be used whenever possible.

A M TN N S T L KM
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Typically, a single engine aricraft configuration can be paneled
using the symmetry option if the non-symmetrical small ducts and other
small protrusions are ignored, and.if‘the spinner is attached to the
fuselage symmetrically. If the spinnei is yawed with respect to the fuselage
(it typically is built this way), then the symmetric input option can not
be used with this configuration unless the spinner is not modeled.

. 1.2.3 Relaxed (Inlet/Outlet) Panel Input Considerations

The body must always be paneled as a closed body. So if
the front of the body is actually an open inlet, the inside of the
inlet must be paneled as a closed cup shape. However this paneling
method is not recommended as the solutions will fail to converge.
Instead, the inlet face should be covered with "relaxed" panels which
allow some flow to pass through them. To do this, panel the opening
of the inlet as if it were closed off by a plate. Now in the inlet
panel data cards (set 5 of input data--see section 3) the panel numbers
of the inlet covering panels are specified. Assign a through flow
velocity ratio to these panels. This velocity ratio will simulate the

flow into the mouth of the inlet. The configuration will appear as
a convex closed body with inlet inflow modeled. This should prevent

soluction divergence problems caused by concave paneled surfaces.

If the user is uncertain of the inlet/outlet panel numbers to

specify, he should first run the configuration using the geometry
test run option, NCALC = 1, To do this, set NCALC = 1 on card set 4

of input. Do not specify any inlet/outlet panels in card set 5 of

input. Submit the data. The program will generate the body paneling

T T L

; but will not solve the flow equations. Take the output panel geometry ;é
= f from the run and find the numbers of the panels which should be inlets ‘:E
? é or outlets. Go back to the input data and specify these inlet/outlet %
; panels in card set 5. Change the NCALC = 0 on card set 4. Then the ; 13

data is resubmitted and a normal run will be made. All flow calcula- : .
, tions will be made. Refer also to section 3 of this manual for use ;
; - of the test run, NCALC = 1, option.

el
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T “The peneled configuration uny conaist of several’ discrete ' N
f)}cloeed bodies. An example of this ic a‘eingle engine aircraft’ fuselage-.ls,

o spioner °°"bia‘t1°n ‘in which the ‘Pinner is paneled ‘as one ieolated L
f“;closed ‘body ‘and- the f“3=1888 1s ‘a second isolated ‘closed body. ‘A second
e example treated asa multiple body 13 e twin engine aircraft configura-"a' '

v,fiftion with ving mounted nacelles. ‘Each nacelle is a separate closed
””1;body. The fuselage itself is a thitd cloeed body “and ia not physically
5}__fconnected to the nacelles. = - SRR R

. Mnltiple body configurations are paneled by considering one body
“at @ time using the techniques given in section 1.2.1. All bodies
f‘ere referenced to one common coordinate system.. It does not matter

“.ld;which discrete body is defined first. For exawple, a nacelle can be
paneled first, then the fuselage, and leetly another nacelle. Or the

*['fuselage could be panelad first. If, on a twin nacelle aircraft, the » { ;
" left propeller plane is considered for the predictions, it may be ' f

. convenient to input the left nacelle body first.

_ Input the first discrete body cross sections according to é'

- gection 1.2.1 rules. Use the NFLAG = 1 parameter if a cross section

‘ ~'repeat is desired. To distinguish the end of the first discrete body
. from the start of the second discrete body, it is necessary that

- . NFLAG = 1 be specified on the last input section of the first body.

'-In'thie use of NFLAG = 1, the last cross section of the firat body

will not be repeated. Instead, the flag signifies that no panels will

L chaha T sk, R4 s LRI Gand
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'Vbc placed botween this last cross cicttqn of‘the-firlc body and the o

first cross section of the second body. Now input the second discrete

" body using the rules of section 1.2.1. -As before, if a third body

follows the second, use NFLAG = 1 on the last cross section of the
seccnd body. Panel the third discrete t.dy etc.  Panel the last
discrete body using the rules of section 1.2.1. However, since the

~ last discrete body will have none following it, do not specify NFLAG=1
" on the last section of the last body. The result is several closed

bodies, each paneled according to single body rules with none of the
bodies physically connected. ' g BERTER '

Through experience in paneling nacelle~fuselage-nacelle configura-
tions, it has been found that this panel geometry often produces a
system of equations which will diverge when solved_iterativgly. To

obtain results, it may be necessary to ignore some regions of the con-

figuration. For example, if only the left nacelle and foreward portion

of the fuselage are paneled, the equations may be well behaved and will
. converge. Then if flow calculations are made on the left propeller

plane, the results are still valid since the left nacelle and front
fuselage have a dominant influence on this propeller plane. The right
nacelle and rear fuselage are remote from the left propeller plane and

it is safe to ignore these components in paneling the configuration.

1.3.2 Use of Symmetric and Non-Symmetric Input Options

Each discrete body of a multi-body configuration may always
be input using the non-symmetric input option. To use this option,
follow the procedures in sections 1.3.1 and 1.2.1 (see Figures 1.2 and
30203) .

The same conditions as given in section 1.2.2 must hold before the
symmetric body input option may be used on multi-body configurations.
These conditions are repeated here and have new meaning when applied
to multiple body configurations:

1. All cross sections of all discrete bodies must be symmetric
(leit and right) about one common plane of svmmetry. This
x-2 plane of symmetry must contain the y = 0 coordinate.
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?L-,»:3. :In1.:s and outlets. (pannln) must bc lymnetrically arranged

» Thc root coordin;tn ot th‘ wing (1! prcocnt) nua: lic on this e
~plane of tyunntry-; o ' LT Bt

k :,-bout thephn-ot;mtry e i
4. All body sideslip angles must be zero. The configuration
WAy be ozientnd at .angle ot attack only

NI

All of these four conditioaa-mult ‘exist before the :ymnntric :'yff;  R
-* input option can be used. ‘In using this symmetric option, only the S

autouatically created by the program. . However, equations need only - )
be written for the left side panels. Thus, the system of equations is
only half as large as would occur if the non-symmetric option were used.

‘Savings in computer time and cost is the result.

Note that rule 1 above requires that all discrete bodies of a
multiple ‘body configuration must lie in tandem on the common x axis.
This is the only manner by which all cross sections of all bodies could
be symmetric about one plane of symmetry. A multiple body configuration

~which could use the symmetric input option is a single enginre fuselage-

spinner combination, provided the spinner is not yawed with respect to

the fuselage.

Although typical twin engine nacelle-fuselage-nacelle configura-
tions would seem to be symmetric, they can never be paneled using the
symmetry option as defined for this program, because each nacelle lies
completely to one side of the plane of symmetry and does not obey rule 1.

Other examples of configurations which can not use the symmetry
option are:

nacelle-nacelle bodies side by side (rule 1 does not hold)
fuselage-yawed spinner (rule 1 does not hold)

fuselage-nacelle (rule 1 does not hold)

wing mounted nacelle and wing. This is a single body which
cannot use the symmetry option because the wing root does not
lie on the nacelle plane of symmet:iy.

et e b el b i Wik s e
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~ points on the left (negative y) side of ‘each body cross section are '»f; § 
- input (see Figure 3.2.b). - The right side mirror image panels will be /
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Unfortunately, il seen above, the symmetric input option has
limited application when paneling mulciple body configurations.

1.3.3 Relaxed glnlc:ZOuclctl Panel Input Consideration:

Each discrete body of the multiple body configuration must

be paneled as & closed body. If the bodies contain inlet or outlet

openings, the use of relaxed inlet/outlet panels csn be made. These

relaxed panels can be used to model inlet openings without paneling

the actual concave inner wall shape. The discussion oi these relaxed

panels given in section 1.2.3 applies equally to multiple body
configurations.

1.4 Summary

The formulas used for calculating panel characteristice from

discrete cross section periphery point input carn be found in reference: 1.

This section of the manual should be used in conjunction with section 3
when making the input data deck.

Although any arbitrary body geometry can be péneled successfully,

the system of equations obtained from the paneling network may not be

well behaved numerically. As a result, possible solution divergence

may occur during the iterative solution procese. Thus, it may be

necessary to use trial and error in getting a paneling network which
accurately represents the body and also converges to a solution.

Basically, the quality of the paneling depends upoa the judgement and
experience of the user.
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SECTION 2 OVERALL PROGRAM DETAILS

2.1 Program Structure

The 3-D potential flow computer program consists of a maia program
used in settiag up array dimensions, establishing program size, and -
calling the subroutines. Of the 14 subroutines used in the program,
10 are called directly by the main program. The overall structure of

the program is illustrated by the flow charg on Figure 2.1. Alsc a ?

description of the main program and each subroutine ‘is given in
Appendix A. ' '

A copy of the program is listed in Appendix B. This particular
version has been dimensioned to a fairly large size capable of handling
up to 2596 body panels and up to six body orientations. The size of
the program in Appendix B is one of the largest which can be compiled

and executed on the IBM 370 computer facility at the Pennsylvania State
University.

I TR T 0 RN IR

2.2 Program Dimension Size--Introduction

.

As the program dimension size determines the size of the configura-
tion which may be handled, core storage and auxiliary file storage
requirements, it may be necessary to change the size of the program
given in Appendix B. Some or all of the dimensions of the program may
be decreased to enable use of the program in a smaller computer installa-~
tion, or to enable the prograu to be run in a smaller storage-higher
priority run category at the installation. Conversely, some or all
dimensions of the program may be increased to take advantage of a larger

computer facility. This would enable configurations with more panels to
be handled.

In the remaining portions of this section is a description of the
variables which must be changed by the user to alter the program
dimensions. Also described are the COMMON statements and DIMENSION
statements needed, auxiliary files, and step-by=-step procedures to be
followed in altering the dimension size of the program. Then instruc-
tions for allocation of auxiliary file storage are given along with

e A B I, A 1+ &
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. = 0 No wing modeled
r---_.._imih.l,_m_cg}.:._.._..____' NWING 1 Wing is modeled

= 0 Body symmetry
:NSMT 1 Nonsymmetry

CALL INPUT

GET: NALPHA |
NCALC F_ —==3 INPUT

NSYMET
NWING

+

CALL VCOMP

CALL PANEL

I | .
CALL COFSYM _F-El corsyM [& wmv | |
| S
: | VORTEX
CALL SOLSYM J"t:lz[ SOLSYM
i\ , |

-— s aaE D B - e A M S M NS G G GEn G WA G Ghah GENE D GSE WL G - SN MEE U GNP CE AR G SED W G NS M G e D SED GRS G G G G S—

|
CALL COEFIC |[¢= — — COEFIC [@= =] WINGV
: S
‘ VORTEX
CALL SOLVE ) SOLVE
C [ '
> { :
— = tr+—{T=0_] | [umev *3{vormx ]
¥ |
CALL VELOCI [&— == —— —_ VELOCI TORTEX
¥ | Y
CALL VPROPS —_— = ‘ VPROPS WINGV
f 9 NV
: ANGLES EULER
s YE5( sto ) | 0
- Normal run
: NCALC 1l Geometry test run
|
L------—--—-—lﬂl-—ﬂﬂ-uJ

Figure 2.1 Organizational structure of 3-D potential flow program.




i 6 Sl oD sttt e el PN AT T R R o T T

17

estimations of output record requirements and core storage reaquiraments

for the given program dimensions. Execution time is discussed, and

instructions are given for creating an object program deck to enable
the program to execute faster. Lastly, a section gives instructions
for oparatgpg the program, including all required j b control cards

needed to run the program on the Penn State compute: facility.

2.3 Program Dimension Size Controlling Variable Descriptions

The user has control of the program dimensions by specifying
values of the following four variables on four cards in the main
program. The main purpose of these is to permit execution time
dimensioning of certain arravs in the subroutines:

1. NSECMA Upper Yimit on the number c¢f body cross section
descri::ions which may be input to define the body.
kule: NSECMA must be integer value of 3 or more.

2. NIPMAX Upper limit on the number of periphery points allowe
around a complete cross section. (First and last
point are the same but countc as two points.)

Rule: NIPMAX must be an odd integer with » value of
5 or more.

3. MAXALP Maximum number of body orientations (pairs of body
angle of attack and sideslip) which may be input in
one run of the program,

Rule: MAXALP must be an integer value of 1 or more.

4. MAXINF Maximum number of body panels over th» entire config
tion which may be specified as being inlet or outlet
panels.

Rule: MAXINF must be an sven integer value of 2 or
more.

d

ura-

" If the user breaks any of the rules abowve, the program will detect

them and stop. Refer to section 2.8 for instructions on changing these

values, and refer to the listing in Appendix B as an example.
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are:
5.

7.

LLL

LLLEAF

4

Based on the user specified size control variables abtove, three

other variables are computed by the program and are also used for
execution time dimensioning of certain array: in subroutines. However,
the user must also manually calculate the values as he must supply the
numbers in the main program DIMENSION statement (section 2.5) and in
the COMMON statements (section 2.6). The three additivnal variables

LLL = (NSECMA = 1)*(NIPMAX - 1). LLL is the maximum
possible number of body panels generated. This amount
can occur only if NSECMA cross sections have been input
with NIPMAX points on all sections. Also the paneling
input would have to be completely efficiant, that is,
no repeated descriptions of a cross sections and no
triangular panel input. Generally, with complex
bodies, cross sections arc¢ often repeated with two
descriptions and section points are rapeated several
times to create triangular panels. So LLL panels will
uot usually be generated, but could be.

Nots: LLL will always be an even integer of size 8

or more.

MD = (LLL + MAXALP). MD is the maximum number of

terms (right and left side coefficients) in each equa-
tion for panel source strengths. M also i{s the length
of logical records which must be specified in auxiliary
file 9 (see sections 2.7 and 2.3).

LLLHAF = (LLL/2). It is the maxinum possible number
of panels on the left haif of a symmetricall:r imput
rody,

See section 2.8 or the procedures involving wvariables LLL, MD,
and LLLUAF.

P
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2.4 DPSI!Lﬂ:and Nkfgméz:jbcfinitions

Two input dats values control the number and distribution of flow
survey points in the propeller plane. The minimum value of one and
maximum value of the other control the size of auxiliary file 50 and
the amount of output records:

1. DPSI Azimuthal angular increment between racdial spokes of
survey points on the propeller plane. DPSIp i, is tle
smallest increment aliowed and must be more than 0.0
but not more than 360. A DPSIn¢, value of 1.0 is a
good choice and is uwsed in the program version in
Appendix B.

2. NRAD Number of survey points positioned radially from hub to
tip 2% eazh azimuth inerement on the propeller plane.
It must be a positive integer but not more than NRADg,x.
An NRAD ., value of 51 is a good choice and has been

used in the prograw of Appendix ¥,
3
The choices of DPSImiy, and NRADpmsy determine the maximum number

of survey points generated. Thus they affect the number of output
tecords produced. More Zmportantly, they determine the numbur of

records which must be provided in auxiliary file 50 (see sections 2.7
and 2.9).

The user must know what these values are in the program version
being used s¢c he cen properly allocate file 50 storage. Instructions

for changing DPSImipn and MRADmax values in the program are found in
section 2.8.

2.5 Description of Array DIMENSION Statement in Main Program

The following array names are found in a DIMENSION statement at
the beginning of the main program. Refer to Appendix B, The dimen-
sions of these arravs must be changed by the user in this statement
when the program dimension size is altered (see section 2.8, step 3).

These arrays are the only ones which are automatically dimensioned
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within the subroutines during'execunion. The DIMENSION statement and
arrays are given below (without subscripts):
DIMENSION A, SIGMA, NCOUNT, NFLAG, PX, PY, P2, STOX1, STOY1,

ST0Z1, STOX2, STOY2, STO0Z2, ANVX, ANVY, ANVZ, S, XC, YC, ZC,
BIG, VARIAB, SUM, SIGSAV

2,6 COMMON Block Descriptions

A total of eight different COMMON blocks are used throughout the

"~ program. Some subroutines use most of the COMMON statements and others
use but a few. Ir most cases these COMMON statements contain both
subscripted (array) and unsubscripted variables. The arvay variable
dimensions in the COMMON statements must be changed by the user when

~ the program dimension sizes have been changed. Dimension changes must
be made to every COMMON statement card found ian the program. The

procedure for making the changes is found in section 2.8, step 4.

Table 2.1 describes each COMMON block name and indicates the type
of data stored and the locations at which the COMMON block cards must

be present.

2.7 Auxiliary File Descriptions

File 5 is a formatted card data input file. File 6 is a formatted
output file written on a standard 132 character-per-line printer.
File 7 refers to a formatted data output file punched on standard 80
column computer cards. These three file numbers are the default values

for the computer facility at the Pennsylvania State University.

Additionally, two auxiliary scratch files are needed by the
program. They are files 9 and 50 and may be stored on magnetic tape
or disk. These files are described below:

File 9: This is a sequential scratch file used only to store the left
and right side coefficients of the system of linear equations
for the unknown source strengths. Each logical record of

this file contains the coefficients of one equation. The

!
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File 50:

records save the equations in sequence starting with the
first equation or row of the gystem.

This file is written during execution of subroutine
COEFIC if the symmetric body input option is not used. Then
one record (equation) is written for each body panel. If the
symmetric body input option (see section 3) is used, the
file is written during execution of subroutine COFSYM. 1In
this case, a record (equation) is written only for the panels

on the left side of the symmetric body.

The file is read during the iterative solution for panel
source strengths during execution of either subroutine SOLVE
or SOLSYM.

On the Penn State computer facility this file is stored
on an IBM 3330 Disk Pack.

This is also a sequential scratch file which temporarily

saves propeller plane flow field prediction output. This
allows the output to be sequentially printed on propeller
plane output table part 2 (see section 4). The file is

written and read only during execution of subroutine VPROPS.

Each logical record of file 50 contains flow output
information for one survey point in the propeller plane.
Each record of the file corresponds to one line of the printed
output table. Data written on each record consists of nine
values including radial and azimuthal location of the point,

three velocity components and four flow angles.

On the Penn State computer facility, file 30 is stored
on an IBM 3330 Disk Pack.

The details of allocating file 9 and file 50 storage space is

given in section 2.9. Also, that section explains how to write the

job control cards for these files for use on the Penn State facility.

et (i RE e e i o e o =



-] 3 . ¥ RN L ol I A . ol e S 3 R
P TSR I T e vy 5T TR '“'*»"W';WF?FM?WW n Tt TR AT T T L o e e EI - T
TSI BT Rl g ol AR ST . . - i

t
o

23

2.8 User Procedure for Altering Program Dimension Size

If the user wishes to alter the dimensions of the program from

thogse of the version listed in Appendix B, the following steps must be

performed. In what follows refer to sections 2.3 to 2.6 for the defini-

tions of dimensioning variables, dimensioned arrays and COMMON blocks.
Refer to the program listing in Appendix B when a specific card number

is mentioned in the steps. Here are the nine steps involved in

modifying the program dimensions:

Step 1.

Step 2.

Step 3.

Step 4.

Choose the desired values of dimensioning variables
NSECMA, NIPMAX, MAXALP, and MAXINF. Ensure they conform

to the rules given for them in section 2.3.

Before changing the program cards, check the new core
storage requirements of the program corresponding to the
values chosen in Step 1. Use the procedure outlined in
section 2.11 for this. If it is found the program will
require more storage than is available, it will be
necessary to repeat Step 1 with new values until the
program core storage required is acceptable. Then perform

the modificatious given in the remaining steps 3 to 9.

Physically replace cards MAN 5850, MAN 5900, MAN 5950,
and MAN 6000 of the main program with cards having the
new values of NSECMA, NIPMAX, MAXALP, and MAXINF.

Calculate the values of the other three sizing variables
LLL, MD, and LLLHAF using the values of Step 1 in the
following formulas:

a. LLL = (NSECMA - 1)*(NIPMAX - 1)

b. MD = LLL + MAXALP

c. LLLHAF = (LLL/2)

These values are automatically generated by the program,
but the user must know the values so the DIMENSION state-

ment in the main program can be modified in the next step.
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Step 3. Modify the DIMENSION statement in the main program by

Step 6.

physically changing cards MAN 5200 to MAN 5350, Change
the array dimensions to values compatible with the chosen
dimension sizes of Steps 1 and 4. To do this, use the
following pattern DIMENSION statement which shows the
array dimensions arbitrarily in terms of the dimensioning
variables. Repunch cards MAN 5200 to MAN 5350 using the
pattern below. (Insert the actual number values of the
array subscripts, however. Punch the characters in the
columns indicated. Also punch the card identifier numbers
in columns 73 to 80.) (Note: only four cards should be
needed for this statement.)

Card Column:

789 - L . . L] > - * . L L] L4 . * LJ . L » - * - L] * . . - - 72
DIMENSION A(MD),SIGMA(LLL,MAXALP) ,NCOUNT(NSECMA),
NFLAG(NSECMA) ,PX(NSECMA, NIPMAX) ,PY (NSECMA,NIPMAX),
PZ(NSECMA, NIPMAX) ,STOX1 (NIPMAX),STOY1(NIPMAX),STOZ1(NIPMAX),
STOX2 (NIPMAX) ,STOY2 (NIPMAX) ,STOZ2 (NIPMAX), ANVX(LLL),

ANVY (LLL) ,ANVZ(LLL),S(LLL),XC(LLL),YC(LLL),2C(LLL),
BIG(MAXALP) ,VARIAB(MAXALP) , SUM(MAXALP), SIGSAV(LLLHAF)

Five of the COMMON blocks contain subscripted array
variables which may be changed. Modify the dimensions

of these COMMON statement arrays affected by the changed
dimension size variables of Steps 1 and 4. Every affected
COMMON card in the main program and subroutines must be
changed by using the new numerical values of the dimension
size variables. The COMMON blocks which must be changed

are given below and the cards to be changed are also

given. (Note: where the dimension size variable names
appear in parentheses, they are to be replaced with the
actual numerical value). Also the COMMON statements

must be puached with the variables exactly in the sequence
shown:
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a. COMMON /INLET/ FLRATO(MAXINF),INDEX(MAXINF),NINFLO

=card INP25450 in subrostine INPUT

=card COF 1300 in subrovtine COEFIC
-card CSY 900 in subroutine COFSYM
-card VEL 1150 in subroutine VELOCI
-card VPR 2450 in subroutine VPROPS

B e T S S T A U,

b. COMMON /INPUTS/ ALPHA(MAXALP),BETA(MAXALP),
VX(MAXALP), VY (MAXALP) ,VZ (MAXALP), V,NALPHA

—-card MAN 5400 in main program
-card INP25200 in subroutine INPUT
~card VCM 1100 in subroutine VCOMP
—card COF 1250 in subroutine COEFIC
—card SOL 1200 in subroutine SOLVE
-card CSY 850 in subroutine COFSYM ,
-card SOS 1350 in subroutine SOLSYM i
—card VEL 1100 in subroutine VELOCI
-card VPR 2200 in subroutine VPROPS
~card WGE 2400 in subroutine WGEOM
-card VOR 2200 in subroutine VORTEX

c. COMMON /SYMTRE/ NPNSYM(LLL),INSOLV(LLLHAF) ,NSYMET

—card MAN 5450 in main program
-card INP25400 in subroutine INPUT
—card PAN 1300 in subroutine PANEL
-card CSY 950 in subroutine COFSYM
—card SOS 1400 in subroutine SCLSYM

d. COMMON /WING1/ CL(MAXALP),CHORD,DIHED,SPAN,SWEEP,
XQR, YQR, ZQR, NWING

—card MAN 5500 in main program
~card INP25500 in subroutine INPUT
~card COF 1350 in subroutine COEFIC
-card CSY 1000 in subroutine COFSYM
-card WGE 2450 in subroutine WGECOM
-card VEL 1200 in subroutine VELOCI
-card VPR 2400 in subroutine VPROPS
-card WGV 2800 in subroutine WINGV
F -card VOR 2250 in subroutine VORTEX
)

e. COMMON /WING2/ GAMMA(MAXALP),XTRALL (MAXALP),YTRALL
(MAXALP) , ZTRALL (MAXALP) , XTRALR(MAXALP) ,YTRALR(MAXALP) , :
ZTRALR(MAXALP),XBTIPL,YBTIPL,ZBTIPL,XBTIPR,YBTIPR,ZBTIPR .

" —card WGE 2500 and WGE 2550 in subroutine WGEOM .
-card WGV 2850 and WGV 2900 in subroutine WINGV |




Step 7.
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Modify the following cards in the main program and sub-~

routine INPUT as explained below:

a.

Ce.

d.

€.
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card

card

card

card

card

card

card

card

card

card

card

card

card

card

Main Progranm

MAN 4400:

MAN 4550:

MAN 4700:

MAN 4800:

insert new values of NSECMA,NIPMAX,
MAXALP, and MAXINF

insert new value of LLL after the
words “UP TO LLL ="

insert value of MAXALP after the
words "UP TO"

insert value of MAXINF after the
words "Up TO"

Subroutine INPUT

INP 1850:

INP 2300:

INP 4050:

INP 5650:

INP 6650:

INP 6900:

INP11200:

INP11900:

INP12000:

INP14050:

“"C . . . CONTAINS 3 TO N CARDS . . ."
insert value of N where N = (MAXALP +2)

*c .. (VALUE FROM1 to N . . ."
insert value of N, where N = MAXALP

"C . . CONTAINS 11 TO N CARDS . . ."
insert value of N, where
N = (NIPMAX * NSECMA) + NSECMA + 2

C .. MAX OF N) . . ."
insert value of N, where N = NSECMA

"C . . - L')o IF . . o"
insert value of N, where
N = (NIPMAX + 1)/2

"C. . . MAXIMUMMOF N, . ."
insert value of N, where N = NIPMAX

"C . . . CONTAINS 1 TO X CARDS) . . ."
insert value of N, where
N = (MAXINF + 1)

"C .. .VALLEN . . ."
insert value of N, where
N = (MAXINF/2)

"C. . .VALUEOFNTIF .. ."
insert value of N, where N = MAXINF

"c . . N CARDS) . . ."
insert value of N, where N = MAXALP + 2
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Step 8.

Step 9.

NSECMA
NIPMAX
MAXALP
MAXINF
LLL

MD
LLLHAF

and
NRADgax

27

I1f desired, change either or both the values of DPSIp{n

and NRADpax. Ensure they obey the rules for these values

given in section 2.4. The recommended values of DPSIpy, =
1.0 degree and NRADpax = 51 have been used in the program

listed in Appendix B. If these values are changed, perform
the following:

a.

If DPSIpin is changed, modify the following card
found in subroutine INPUT

-card INP20300: "C . . . MUST BE AT LEAST N AND . . ."
insert value of N, where
N = DPSIpin value

If NRADpax is changed, modify the two following cards
found in subroutine INPUT:

-card INP21100: “C . . . FROM1 TON . . ."

insert value of N, where
N = NRAD ., valus

-card INP36450: ", . .20 IF (NRAD.GT.N) GO TO 76"
insert value of N, where
N = NRAD, ., value

The last step in modifying program dimensions is this.

Calculate the amount of auxiliary storage needed for

files 9 and 50. Write the job control language cards to

give the new storage allocation. The rules for this are

given in section 2.9,

The version of the program given in Appendix B has been dimensioned

using the following dimension size variable values:

60
45

6

500
2596
2602
1298

51

1.0

o
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2.9 Determining Auxiliary File Storage Allocation Based on Program
Dimension Size

Storage for auxiliary file 9 and file 5C must be allocated on
either magnatic tape or disk, and job control cards must be made to
perform the allocation. The maximum dimension of the program version
being used determines how many records must be available on the two
files. This was explained in section 2.7.

In the following parts 1 and 2 below is given the forrulas for
calculating record and disk pack requirements for files 9 and 50,
respectively. Also given is the job control language needed for
establishing these files on the Penn State computer facility.

2.9.1 File 9 Storage Allocation Formulas and JCL

File 9 is a sequential file requiring variably spanned
physical recordsS, Enough tape or disk space must be provided to
store up to LLL (section 2.3) logical records, each containing

MD (section 2.3) single precision numbers of 4 bytes each.

On the Penn State University IBM 370 computer system, file 9 is
stored on an IBM 3330 Disk Pack®. Since this file is relatively
large, the disk storage is allotted by requesting numbers of cylinders
of space, CYL.

For this disk pack, the user should specify the following param-
eters in the job control cards when allocating space for file 9:

RECFM = VS  (i.,e., variable spanned records)

BLKSIZE = 3120 (byvtes)

LRECL = (BLKSIZE - 4) = 3116 (bvta2s)

CYL = number of disk cvlinders requested (calculated below)

Number of c¢vlinders, CYL, required is a function of the size
variables, LLL and MD. Use the formula 1 or 2 below (whichever

applies):
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1. If [(4 * MD) > (BLKSIZE ~ 8)] use:

P -
(e MD * 4
vo| [ 2
LLL (BLKSIZE - 8)rounded to J
CYL = - higher integer

13165

fLKSIZE + l3%]rounded to
lower integer

19 *

rounded to
higher integer

2, 1f [(4 *MD) Z (BLKSIZE ~ 8)] use:

LLL
CYL = T 13165
19 * )
BLKSIZE + 135‘rounded to
L lower integer lrounded to

higher integer
Note that CYL is the maximum number of cylinders which would be
needed if LLL body panels were generated. So CYL must be available,
but usually, not all of the space is used, since most configurations
seldom generate the full amount of LLL panels.

The following example specifies file 9 storage and job control
cards for the program verslon listed in Appendix B. This example
applied to the Penn State University computer facility. This program
has:

LLL = 2596 and MD = 2602
The job control parameters are:

BLKSIZE = 3120

LRECL = 3116
CYL = 137 calculated using formula 1 above.

29

Two job control cards punched exactly as shown below, both starting

in column 1, will establish 137 cylinders of space for file 9:

//DATA.FTO9F001 DD UNIT=SYSDA,SPACE=(CYL,(123,1),RLSE),
// DCB=(RECFM=VS,LRECL=3116,BLKSIZE=3120)

et RALIA Maiain ot
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Here the cylinders have been requested using o primary allocation
of 123 cylinders with a secondary allccation of one cylinder (repeatable
up to 14 times) which is made when the space is needed. This gives 137
cylinders available. Reference 6 contains details on the disk pack and

job control language for the Penn State computer system.

2.9.2 File 50 Storage Allocation Formulas and JCL

File 50 {s a sequential file requiring variably spanned
physical records®, Enough tape or disk space must be provided to store
up to R logical records, where R is given by:

360
R gL
(DPSImin‘rounded to
lower integer

R~ NRADM&:-:

NRADmax and Dps‘min are defined in section 2.4.

Each record contains nine single precision numbers of 4 bytes each.

On the Penn State University IBM 370 computer system, file 50 is
stored on an IBM 3330 Disk Packb. The disk storage for this file
should be allotted by requesting numbers of cylinders of space, CYL.

For this disk pack, the user should specify the following
parameters in the job control cards when allocating space for file 50:

RECFM = VS  (i.e., variable spanned records)

BLKSIZE = 44 (bytes)

LRECL = (BLKSIZE - &) = 40 (bytes)

CYL = number of disk cylinders requested (calculated below.

Number of cylinders, CYL, required is a function uf tu= propeller
plane input point limits, NRiDpax and IPSIpyn, of the program version

being used. Us: the following formula to calculate CYL for file 30:

L N
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[ 360
R | ata——
NRADg,x (DPSImin)roundcd to

lower integer

el R ) S N
BLKSIZE + 135/ rounded to
lower integer |rounded to i

higher integer i

-

The following example specifies file 50 storage allocation and job
control cards for the program version listed in Appendix B. This
example applies to the Penn State University computer facility. This
program has the following propeller plane survey point limits:

DPSIgqn = 1.0 and NRADg,y = 51

The job control pa.ameters are:

BLKSIZE = 44
LRECL = 40
CYL = 14 calculated using the above formula. ]
Two job control cards punched exactly as shown below, both starting
in column 1, will establish 14 cylinders of space for file 30:
//DATA,FTSOFQ01 DD UNIT=SYSDA,SPACE=(CYL,(1,1),RLSE),
// DCB=(RECF{=VS,LRECL=40,BLKSIZE=44)
Here the 14 cylinders havc been requested using a primary alloca-

tion of one cylinder with a secondary allocation of one cylinder

(repeatable up to 14 times) which is made when the space is neceded.
This gives 15 cylinders available. Reference 6 contains details on the

disk pack and job control language for the Penn State computer system.

2,10 Qutput Record Considerations based on Program Dimension Size

For some computer installations such as the one at Penn State,
tliere is a limit on the number of output records which may be produced
during a single run. At Penn State, this output limit is 30,000 records.
1f more records will be produced, special handling rust be made to have
the records written to a tape so it can be printed later in smaller

portions.
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The maximum number of output records from this computer program is
a function of the dimension size variables (section 2.3) and propeller
plane input limits (section 2.4). The four priaary quantities
affecting length of output are LLL, > » NRADp,x and DPSInqp.

An approximate formula for estipating the maximum number of output
records produced is given below. The formula is a function of th:- -
dimension size variables defined e¢arlier in sections 2.2 and 2.4, Also
used are certain input variables defined in :cctian‘j; Note the formula
assumes printed output is written on a standard 132 character-per-line
printer, and the punched output is on 80 column cards. Refer also to

section 4:
Rt'R1+R2+R3+R + R

y *
o + Re + MAXALP (R6 + R

37 & 7 *+ Ry

3

where R.,. is the total maximum possible number of output records

produced by a given size program version.

The R, terms ip the formula ave each given by formulas below:

0, 1f program listing is not printed

- . 1
R ® 3991, 1if program listing is printed (source listing)

MAXALP + 1, 1f NWING = 1] 2, 1f NPOINT = 1

27 |0, if WWING = O * ‘0. 1£ NPOINT = o] + MAXALP

il

+ MAXINF + NSECMA * (NIPMAX + 1) +27:
(This 1is list of input.)

R w |Os if NWING = 0 : (This is wing geometry table.)

(MAXALP + 26), 1f NWING = 1

-
R w {1+ 1£ NLIST = 1 and NCALC = O : (This {s body

(5 % LLL) + 16, 4f NLIST = 0 or NCALC = ] geometry table.)

o 1
R, = 0, 1f HCALC = 1 : (This is solution iteration

(3 * ITMAX) + 4, if NCALC = 0 table.)

R = O, £ NOALC =1 : (Surface velocity table.)

'(LLL + 14), if NCALC = 0
-




3

0, 4f NCALC = 1
R7 =  IMAXALP, 1f NPOINT = 0 and NCALC = 0

o

((360/DPSIpen) * NRADpmgy] + 29, 4f NPOINT = 1

rounded to and NCALC = 0

lower integer

(This 1s propeller plane output table part 1l.)

[3. 1f NCALC = 1
R, = |MAXALP, 1f WPOINT = 0 and NCALC = 0

8
[(360/DPSInin)rounded to  * NRADpay] + 34, if NPOINT = 1
- and NCALC = 0

o

lower integer
(This is propelles plane output table part 2.) -

0, 1f NPUNCH = 0

L1

rounded to * NRADmax] + 3, 1f NPUNCH = 1

lower integer

(This 1is punched output.)

It must be stated that Reoe is the maximum possible number of
output records which would be produced by the program version, only if
all input options were used and only if tl:e configuration used LLL panels
and only if MAXALP orientations were input.

Normally the configuration will not have LLL panels but will have
NP panels instead. Also the number of oriantations used is often less
than MAXALP and will be NALPHA instead.

Thus to get a better estimate of the number of output records
which will be produced when running a specific config..ation, do the
following.

Use the Reoe expression given above, but make the following changes:

-replace LLL value by the value of NP for the body (best estimate

should be used here.)

-replace MAXALP value by value of NALPHA (section 3)

-replace MAXINF value by value of NINFLO (section 3)

-in the Ry formula, replace the following:

replace [NSECMA * (NIPMAX + 1)) bv a value ejual to the
numder of cards in set 3 of the input card deck (refer
to section 3).

~replace NRADL,. by value of NRAD

5
.
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~replace DPSIL;;, by value of DPSI

As an example of the preceding descriptions, use the program listed in
Appendix B. This program has dimensions:

LLL = 2596, MAXALP = 6, MAXINF = 500, NSECMA = 60, NIPMAX = 43,

NRADmax = 51, and DPSImin = 1.0

Using these valiues in the R¢yy formula gives the maximum possible

number of cutput records by this program version:
Reot = 363,782 records

This far exceeds the 30,000 record limit imposed at the Penn State
computer facility. However, a typical configuration run with this version

of the program might consist of:

NP = 968 panels

NALPHA = 6

NINFLO = 88
NRAD = 21 i
DPSI = 15.0 :
ITMAX = 20

NSYMET = 0

NCALC =0

NWING =1

NPOINT = 0

NPUNCH = 1

with 877 cards in the set 3 of the input card deck.

Using the formula for Rgot with the above numerical substitutions,

gives the following:
Reor = 25,266 output records actually produced.

This specific configuration could be run at Penn State since it meets

the 30,000 record limit requirement.

Although the program dimensions are such that it fits in the

computer core storage and executes properly, the output records may

;
p
;
3
E
i
3

be excessive if the configuration uses most of the available program

storage. A4s a result, it may be necessary to make tradeoffs on the

R e n

ls input to the program. These tradeoffs might involve reducing the
number of orientations submitted at one time, or attempting to reduce

the number of body panels.
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2.11 Core Storage Requirements Based on Program Dimension Size

Core storage requirements for the source statements is constant.
However, the core storage needed to store arrays and COMMON blocks is
a function of the dimension size variable values for the program version
being used. The program is run in single precision. For the IBM 370
7.; f computer, this means each number in the arrays and COMMON statements
;=; occupies & bytes of storage.

The maximum storage available to users at Penn State is 560 K bytes
core storage (K equals 1024). However, not all of the 560 K bytes are
available directly for program storage. Some of the storage is taken
by the computer for compiler operation and is not available for program
array storage.

An estimate of core storage required by the computer program on
the Penn State computer facility is obtained by the following formula
(refer to definiticns in section 2.3):

S = (8

. T, =
tot : X bytes, where K = 1024

obj + Sarrays)

where S.,, is total core storage needed by the program
Sobj is core storage needed to store the program source
statements

Sarravs is core storage nceeded to store arrays and other variables

in COMMON blocks. ™ ‘
Sobj is a constant for this program:

118656 .,
Sobj = 1024 K bytes

Sarra»s is a function of the program dimension size variables:

4

s — % 2 k{ % %
Sarrays - 1025 © [(MAXALP + 10) * LLL + (NIPMAX * NSECMA * 3)

+ (17 * MAXALP) + (6 * NIPMAX)
+ (2 * NSECMA) + (2 * MAXINF) + 281] Kbytes

Estimation of Sy,¢ gives an approximate idea of how much core
storage to request. However, the total storage requested must also
provide enough space to satisfy Si,, as well as storage required by

the computer compiler.

m
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For example, the program version listed in Appendix B is dimen-
sioned as follows:

LLL = 2596, MAXALP = 6, NSECMA = 60, NIPMAX = 45, and MAXINF = 500

From the formula above compute:

Stot = 316.69 K bytes

It has been found that S.,, plus the compiler storage requirement

does not exceed 560 K bytes. Thus the program version of Appendix B

can be run in the 560 K storage region (only as a category 5 run) on
the Penn State computer facility.

For a second example, the same program but dimensioned to a

smaller size (listing not included in this manual) has been written
using:

LLL = 2450, MAXALP = i, NSECMA = 50, NIPMAX = 51, and MAXINF = 500

From the storage formula compute:

= 2 ¢
stot 257.69 K bytes

It has been found that with this smaller size version of the
program, the source deck must be compiled into an object deck using the

Fortran H compiler, Optimization level 2 feature on the Penn State

system and needs 560 K for this. However, once this object deck has

been made, it can be executed using only 280 K storage. The 280 K

storage required means this version of the program can be run in higher

priority job categories at Penn State and will have faster turn-around

time. Refer to sections 2.13 and 2.14 on compiling and using an object

deck for the program.

2,12 Execution Time and Object Program Considerations

The iterative solutions of hundreds of simultaneous equations by

the computer program is the process requiring most of the total

execution time. The required execution time increuses rapidly as the
number of body panels (equations) increases. System time used in

T
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reading equations from the auxiliary file storage device increases as
the number of equations increases and as the number of solution
iterations increases. Also more time is needed as the number of hody

orientation cases increases, and the number of survey points in the
propeller plane increases.

No quantitative relationships have been made between run time and
the above program factors. However, Table 2.2 lists several cases run
on the Penn State IBM 370 computer, and these give some insight into
the run time requirements as a function of number of equations, number
of iterations, number of orientations, and number of survey points.
The time limi* imposed on runs made on the Pean State facility is
2000 seconds. This is the maximum amount of time ever allowed for any
run, The last run on Table 2.2 required more than 2000 seconds and
failed to give the complete solution.

Some obvious points can te made regarding run time. When possible,
a configuration should be submitted using the symmetric input option
(see sections 1 and 3). This will halve the number of equaticuns which
must be solved simultaneously and will greatly reduce run time. It is
likely that a configuration, run on the Appendix B size program, which
uses most available program storage (i.e. has nearly LLL equations,
MAXALP orientations, and maximum number of propeller plane survey
points) will require excessive run time on the Penn State computer and
will not be completed. However, no configuration this large has been
run and the actualvtime requirement in this situation is not certain.
To keep run time within limits, it may be necessary to compromise on
runs with configurations having very many panels. For example, reducing
the number of orientations submitted and the number of propeller plane

survey points may pe necessary when the configuration has manv panels.

From experience, due to the lengthy execution times required on
tvpical configurations having 1000 or more panels, it is highly
recommended that the source program deck (i.e. as ic is listed in
Appendix B} be compiled using the Fortran H compiler, Optimization
level = 2 feature available on the Penn State computer system. The

resulting object prograw Jdeck may be punched on cards or placed on
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magnetic storage (BAT) files. Runs are then made by submitting and
executing this highly efficient object dack. The resulting decrease

G ————, .

in run time with the object deck has been on the order of 50 percent.
In some configurations, use of the object deck has enabled solutions
to te obtained whereas the same configuration run using the source

deck would have failed to finish within the 2000 second time limit. ;
Refer to sections 2.13 and 2.14 for the details of compiling the object

deck from the source deck and submitting runs with the object deck. -

2.13 Object Program--Considerations and Procedures for Compiling It

o o AR e RN S b5

The procedures and discussion of this section pertain specifically

to the Penn State University computer facility which uses an IBM 370
computer.

It is highly recommended that the FORTRAN source program (as it

i oae. £ T,

appears in Appendix B) be first compiled using the FORTRAN H compiler,
under Optimization level 2. The output is a very efficient machine

language object program deck. This object deck output should be punched

i il hadead

on cards or written to the magnetic disk files (BAT files on the Penn
State facility).

When submitting data and running the program, the object program
deck is submitted directly with data. Time is not lost in compilation

since the object program has been compiled before submission. Most

importantly, the H, opt = 2 object program is efficient and executes

P P T U PR Ty P STy & 27

much faster than occurs when the original source deck is submitted for

compilation and execution. As pointed out inscticn 2.12, experience

' has shown that as much as 50 percent execution time savings is attained
by using the object deck directly with the data. Time saved in using
the object deck mav allow large jobs to complete within time limits
whereas the same case performed by submitting the source program for
compilation and execution would have failed to complete within the
time limits.

The following two subsections give specific instructions for
compiling an object deck and storing it on cards and disk files,

respectively.

3 (> . .- o a ee . “‘.
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2.13.1 1Instructions for Compiling the Object Deck and Punching it ;
on Cards ;

To compile the source program using FORTRAN H, Optimization ;
level 2, and punching the obiect deck on cards, do the following. ?
Submit the following cards exactly as shown (all cards below start in

column 1 unless otherwise noted):

// job card (use category 5, specify T=2000, R=30000, S=280 K)
// EXEC FHC,PARM.SOURCE='DECK,OPT=2'
//SOURCE.INPUT DD *

. FORTRAN source deck version of the program
. (cards as they appear in Appendix B, or the BAT
. files containing these card images. This is done by
/* placing cards here of the form:
/*INCLUDE Userid.$ source file name 1
/*INCLUDE Userid.$ source file name 2
etc., until all source files ave given)

Note: Userid is the identifving number a user must have for
using the Penn State BAT file system.

2.13.2 Instructions for Compiling the Obiect Deck and Writing it ;
on BAT Files .

To compile the source prrogram using FORTRAN H, Optimization
level = 2, and writing the object deck on BAT files, do the following.
Submit the following cards ezactly as shown (all cards below start in » o

column 1 unless otherwise noted):

// job card (use category 5, specify T=200G, R=30000, S=560 K)
/*USERID card for using the Penn State BAT file system

// EXEC E:IC,FARM.SOURCE='DECK,OPT=2"

//SOURCE,S/SPUNCH DD UNIT=BAT,FILES=(Sfilename 1, ...,$filename 4)
//SOURCE.INPUT DD *

. FORTRAN source deck version of the program

. (cards as they appear in Appendix B, or the BAT files con-

. taining these card images. This is done by placing cards

. here of the form: /*INCLUDE Userid.S$source file name 1
/*INCLUDE Userid.$scurce file name 2

. etc., until all source files are given)

/%

Note: 3$filename 1, S$filename 2, Sfilename 3, and S$filename 4 are the
names of the four BAT files which sequentially store the output
object program deck. These names must fit the naming conventicns
for BAT files. (See references 6 and 8.)

e e e 472 A Tl e
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The potencial flow program requires four BAT files to store its
object deck. Four files are required regardless of the dimension size
of the program being compiled.

Instructions for running the object program with data are given
in section 2.14 of this manual.

2.14 OQperating Instructions--Required Job Control Cards

The following instructions and job control cards apply specifically
to the source program version listed in Appendix B or its corresponding
object deck. The instructions will apply to any size version of the
program if the job control cards establishing file 9 and file 50 storage
are modified according to the rules of sectlon 2.9. Also the job control

cards apply specifically to the Penn State IBM 370 computer facility.

The program in Appendix B has been dimensioned as follows:
(See sections 2.3 and 2.4 for definitions.)

NSECMA = 60
NIPMAK = 45
MAXALP = 6
MAXINF = 500
LLL = 2596
MD = 2602
LLLHAF = 1298
DPSIpgin = 1.0
NRADp,, = 51

Subsections 2.14.1 and 2.14.2 below give operating instructions for running
the nrogram from the source deck and object deck, respectively. These

are applicable to the computer system at Penn State.

2.14.1 Running Program by Submitting Source Deck and Data

This is the method of using the program which is simpler
but less efficient. The source program runs slower, and it is not the
recommended method. However, this may be the only way the program can

be used at computer facilities different from thac at Penn State.
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The job control cards given in the following allocate file 9 and
file 50 disk storage corrssponding to the above program dimension sizes.
For using the program with different dimensions, these job control

cards must be mocified using the instructions in section 2.9.

Supply the following cards, in the order shown, to compile and
2xecute the source program and process data. Punch these cavrds

exactly as shown starting in card column 1 unless otherwise noted:

// job card (use category S5, specify T=2000, R= 30000, S =360 )
// EXEC FHCG

//SYSIN DD *

.

. source program: (cards as they appear in Appendix B or

. the BAT files containing these card

images. This is done by placing cards

here of the form:
/*INCLUDE Userid.$source file name 1
/*INCLUDE Userid.$source file name 2
etc, until all source files are given.)

¢ o o

.

//DATA.FTO9F001 DI UNIT=SYSDA, SPACE=(CYL,(123,1),RLSE),
// DCB=(RECFM=VS,LRECL=3116,BLKSIZE=3120)
//PATA.FTS0F00L DD UNIT=S8YSDA,SPACE=(CYL,(i,1),RLSE),
// DCB=(RECFM=VS,LRECL*40,BLKSIZE=44)

//DATA. INPUT DD *

input data cards punched according to format of section 3

of this manual, Also may have data on BAT files included

here by punching the following cards here of the form:
/*INCLUDE Userid.$data file namz

. Include enough of these cards to supply all necessary

. data BAT files. Cards and BAT file include cards mav be
. intermixed.

e o & e o

is concludes the operating procedure. =--

2.14.2 Running Program by Submitting Object Deck and Data

This second operating method is recommended. It is more
»

complex, however, because the nbject program deck must be obtained using

the methods of section 2.13. With the obiect deck available on cards or

BAT files, jobs may be run using the procedure given in this subsection.
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As in section 2.14.1, the job control cards given here establish
file 9 and file 50 storage space to meet the needs of the program in
Appendix B whose dimensions were listed above. These job control
cards may be modified to suit a program of different dimensions. This
is done by following the procedures in section 2.9.

Supply the following cards, in the order shown, to execute the
object program dack and process data. Punch these cards exactly as

shown starting iu card column 1 unless otherwise noted:

// job card (use category 5, specify T 2000, R= 30000, § =560 K)
// EXEC FHG
//DATA.DECK DD *

.

. object program: (card deck or images of cards from BAT

. files as produced by section 2.13 instruc-
. tions. To submit program frea BAT files,

. place the following four cards here of the
. form: /*INCLUDE Userid.Sobject file name 1
. /*INCLULE Userid.S$object file name 2
. /®INCLUDE Userid.Sobject file name 3
. /*INCLUDE Userid.$object £ile name 4
. where the above file names are the same

. as those used on the cards when following

procedures of section 2.13.2.

//DATA.FTO9F001 DD UNIT=SYSDA,SPACE=(CYL,(123,1),RLSE),
// DC3=(RECFM=VS,LRECL=3116,BLKSIZE=3120)
//DATA.FTS0F001 DD UNIT=SYSDA,SPACE=(CYL,(1l,1),RLSE),
// DCB=(RECFM=VS,LRECL=40,BLKSIZE=44)

//DATA.INPUT DD *

. input cata cards punched according to format of section 3
. of this manual. Also mav have data on BAT files included
. here by punching the following cards here of the form:
/*INCLUDE Userid.$data file name
Include enough of these cards to supply all necessary data
BAT files. Cards and BAT file include cards may be
« intermixed.

-~ This concludes the operating procedur2. =~

£V , This concludes the detailed descriptions of the program. In the

3 o next sections of the manual are descriptions of input data and output

data organization.




SECTION 3  INPUT DATA DESCRIPTION

The input to the program consists of eight card sets, each set
containing cne or more cards. No card set is ever omitted. Some input
options are avallable and are explained below and in the card

~descriptions: '

l., Symmetric body input opztion: This may be used if body is
symmetric about the y = O, x~z plane. No clused separate
bodies such as tip tanks or nacelles can be present. The
wing, if present, must be symmetric, and no body sideslip
angles may be specified. Then only the left side of the body

geometry need be provided by the user in card set 3.

2. Regular body input option: If any condition in (1) above is
not met then the regular input option must be used. The user

must provide the complete body surface geometry in card set 3.

3. Test run option: This is used only to generat: and print the
body panel geometry. No flow calzuiations are made. Two
purposes of this option are:

a. To check for crrors in the geometry input.

b. If user is not certain which index number will be assigned
to a certain panel by the program, this option allows the
user to identify each panel by index number (as is required
when specifying inlet/outlet panels in card set 5). 1In
using this option, all card sets are input as instructed
except no inlet/outlet panels may be specified (NINFLO=x=Q
in card set 5). After making the test run, the proper
index numbers of inlet panels are identified from the output
panel geometry and can be input In card set 5. Then the

card deck may be run as a normal flow prediction run.

4. Printing and punched output options: T"ser may select to print-
» out the panel geometry or not to print it. Note for a test run
this geometry is automatically printed (see output description

in this manual). Also, user may elect to punch or not punch

.
r
.
:

certain propeller plane flow output on cards.

g s o e Mt - -w
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This card input description, below, is written in general form

applicahle to

has available.

any dimension size version of the program which the user
That is, the value limits on th: input variables in the

card descriptiuns are expreased in terms of the following program dimen-
sion size variables: NSECMA, NIPMAX, MAXALP, MAXINF, LLL, MD, LLLHAF,
DPSImin' and NRADmax‘ These are defined in detail in the main program

and govern the dimensionuing of arrays. They are explained in detail in

section 2 of this manual on changing program dimensions.

The definitions

of the above size variables are:

NSECMA -
NIPMAX -

MAXALF ~
MAXINF -

LLL -

M -
LLLHAF -
DPSImipn -

NRADmax -

Maximum number of body cross sections which may be input.

Maximum number of periphery points allowed to be input
around any complete cross section.

Maximum number of input body crientations allowed.

Maximum numoer of inlet/cutlet panels which may be
present over the entire body.

»(NSECMA-1)*(NIPMAX-1), Maximum possible number of body
panels on entire body.

=(LLL + MAXALP)
={LLL/2)

Minimum allowed azimuth angle spacing for points on
propeller plane.

Maximum allowed number of points along each azimuth in
the propeller plane.

Keep in mind that if the input is being used in the program version

listed in Appendix B then the dimension variables have the following

values:

NSECMA
NIPMAX
MAXALP
MAXINF

LLL

D
LLLHAF
DPSIpin
NRADpa x

a8 a8 RN & & &0

>~ O
[+, RV Nl

500
2596
2602
1298
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Use any consistent fumily of units for the velocitics and coordi-
nates throughout the data. Dimensionless quantitizs are so nored. All
angles are in degrees.

Integers are right justified in card cvlumn fields and are identified
as integers in the description.

Floating point numbers are punched anywhere in the given column
field and must include the decimal point. These type numbers are
identified as floating point in the card description.

Card Set l: Data or Run Identification (2 cards)

Card 1.1 Title Card 1

Notes Variable Columns Description
(1) SYMBOL(I), 1 -80 First part of the izput ticle,
1=1,80
Card 1.2 Title Card 2
Notes Variable Columns Description y
(2) SYMBOL(I), 1l - 8C Second part of the input tirle.
I=81,160

wotes for Card Set 1

(1) Contains first part of a title containing any desired %
identifying information in letters, numbers, or symbola. Card ;
must always be praszent in deck even 1f totally blank.

} (2) Second card for continuation of the identifying information.
’ Contaias any letters, numbers, or symbols. Card must always
| be present in deck even if totally blank, ’

Card Ser 2: Free Stream Veigcitv--Body Orientations

| Set specifies the body orientutions for which flow solutions are to be
! obtained. (Set contains 3 to MAXAL? + 2 cards.)

Card 2.1 Tree Stream Velocity

Notes Variable Columns Description
(1) v 1 =10 Floating Point., IMagnitude of free

stream velocity. (1.0 is ccavenient)
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i
Card 2.2 Number of Orientations :
Notes Variable Column Description ¢

none NALPHA 1 - Integer. Number of body orienta-
: tions (pairs of angle of attack and
sideslip) this run. Value from 1l
to MAXALP.

Cards 2.3 Bodv Orientations (NALPHA cards. Sce note (2).)

Notes Variable Columnsg D:scription

(1) ALPHA(I) 1-10 Floating point. Body an;le of
. ' attack in degrees for orientation
case I. (Value of 0 to 360., or
0 to -360.)

(4, 5) BETA(L) 20 =29 Floating point. Body sidaeslip
angle in degrees for crientation
case I. (Value of 0 to 360., or
0 to =360.)

Notes for Card Set 2

(1) All output velocity quanticies are nondimensionalized with
respect to V so the actual magnitude of V is not important
and a valuc of 1.0 is recommended for convenience.

(2) Card 2.3 is repeated NALPHA times, each with an angle of
attack and assoclated side slip angle., The firsc card 2.3
is crientation case 1, the second card is case 2, etc.

(3) ALPHA is the angle of attack between the free stream velocity
(projected onto the reference body x-z plane) and the reference
body x axis. It is positive for body nose upward. Sce
Figure 3.1.

® (4) BETA i{s the angle between the free stream velocity (projected
onto the reference body x-y plane) and the reference body
x axis, It is positive for body nose to the right, Sce
Figure 3.1.

(53 All BEZTA(1), Isl, MN/LPHA must de zero if the symmerric body
input option (NSYME. = 0) {s sp=2cified 1in card set 3 below.
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s
propeller plane /
4 —\/ v
/ .
/
ALPHP /
THRUST hub—, / 4
AXIS _\/ 3
X“ I - - 4.
body ATOT / 4
ALPHA / :
/
/ \ Zbo dy !
(a) Side view
Thody
’ —if
propeller plane —HI 3
/
THRUST / 5
AXIS BETAP / 3
hub ) :
\
X BTOT [ T
\'body v |
l
BETA /
/
l
/
/
! U
(b) Top view ‘ ,5
Figure 3.1 Body and propell r plane orientation angles. f
(All angles shown positive.) A
._e
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Card Set 3: Symmetry Option and Body Paneling Input

This set of cards specifies the use of symmetry or non-symmetry in panel
input. The body cross section geometry points are given here. The left
side of the geometry is given if symmetry is used. Otherwise both sides
of the geometry must be given. All geometry is in terms of the reference
body aircraft axis system (x foreward, y right, and z down). The origin
may be anvwhere desired except if syr-atry is used. If symmetry is used,
A the origin must be on the plane of symmetry. See also section 1 in the

3 manual which explains body paneling. (Set contains 11 to

[(NSECMA * NIPMAX) + NSECMA + 2] cards.)

b

Card 3.1 Symmetric Body Input Option Choice

Notes Variable Column Description
(1,2,3) NSYMET 1 Integer=0 if symmetric option used.

Integer=1 if option is not used.

Card 3.2 Number of Body Cross Sections

Notes Variable Columns Description
4) NSECTOQ 1-2 Integer. Total number of boay

cross section descriptions given
below. (3 £ NSECTO S NSECMA)

Card Groups 3.3 Cross Section Descriptions

A

S e £

NSECTO card groups 3.3 are given in sequence. Each group is associated
with a body cross section description. Each group is composed of one
card 3.3.A followed by several cards 3.3.B as shown below. Groups are
in sequence from 1 (first and front section) to NSECTO (last section).
Refer also to section 1 of this manual.

Card 3.3.A Cross Section Identifier

Notes Variable Columns Description
(3) NSEC 1 -2 Integer. Cross section sequence
number. (1 £ NSEC £ NSECTO)
(6) NIP or 10-11 Integer. Number of periphery
NCOUNT(I) points on this I th = NSEC th

cross section.

(3 SNIP S [NIFMAX +11/2) if
NSYMET=0

(4 SNIP SNIPMAX) if NSYMET=1

Rt s s i o R AR

(N NEND or 30 Integer. Section repeat signal
” NFLAG(I) for this I th = NSEC th section.
Equals 0 or 1 as explained in
note.
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E Cards 3.3.B Section Periphery Polnts (NIP of these cards given for :

" section NSEC identified in card 3.3.A above.) i

f

Notes Variable Columns Description ?

1 (8) X or 1-10 Floating point coordinates of the !

5 PX(1,J) J th point around the periphery '

of the I th = NSEC th cross sec- '

f : (8) ng§ n 20-29 tion. Coordinates relative to '

‘. ? the reference aircraft coordinate :

_ (8) Z or 40 - 49 system.

S PZ(1,J)

A

Notes for Card Set 3

(1) Svmmetric iuput option (NSYMET=0) should be used if possible
to reduce solution time and cost.

- (2) Symmetry option (NSYMET=0) is possible ounly if all the

‘ following rules are met.

- All BETA (cards 2.3) rust be zero.

-~ Origin of the body reference aircraft coordinate system
must be on the body plane of symmetry with the plane
containing the x and z axes.

- Configuration may not have discrete closed bodies to the
left or right of the plane of symmetry even if such
bodies have a counterpart on the other side of the plane
of symmetrv. Example is engine nacelles on the wings. So
twin engine aircraft carnot use the svmmetry option.

- Onlyv the inlet/outlet panels on the left (-y) side are
specified in card set 5 and such panels have symmetric
counterparts on the right side of the body which will be
generated automatically by the program.

- If a wing is to be modeled (card set 6 below) the wing must
be symmetric with the wing root located on the body plane
of symmetry.

If any rule above is not obeyed then must specify NSYMET=1.

(3) { the symmetry criteria ave met and NSYMET=0 is used then
read in only the left (~v) side of the body geometry points
on cards 3.3.B. See Figure 3.2.a.

If the genaral non-svmmetric input option (NSYMET=1) is used
then input all points on a cross section on cards 3.3.B.
See Figure 3.2.b.

(4) A body cross section is at a constant x or nearly constant x
" location on the bodv. A phvsical cross section may be
repeated with a new point description, but the repeat 's
counted as an additional section and contributes to the
NSECTO amount of secticns.
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(a) Symmetric input option
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(Point 1 always input again [4 2 NIP = NIPMAX]
as NIP th point.) Yz

(b) General or nonsymmetric input option

Figure 3.2 1Input of periphery points around a cross section. :
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Crosa sections are input sequentially so NSEC must be con-
secutively increasing each time a card 3.3.A is punched.
The first NSEC must 1 then 2, 3 ... NSECTO.

NIP value is read from cards but renamed and inserted in
array entry NCOUNT(NSEC). If symmetry option is not used
(NSYMET = 1) then NIP is the number of points completely
around the section and the first (top) point i